centromeric heterochromatin, but the well-characterAcK23, and AcK27 antisera along with the ura4-D/SE minigene. In contrast, very little ura4 ϩ was detected in ized silent chromatin at the HML and HMR mating type loci and adjacent to telomeres is packaged in histones chromatin immunoprecipitated with antiacetylated histone H4 sera when ura4 ϩ was inserted either within the H3 and H4, which are largely underacetylated at their N termini [ Figure 2B ). K18, K23, K27) and H4 (K5, K8, K12, K16) have been generated [25] . These antisera were used to reassess Strains retaining only one of the three histone h3/h4 gene pairs were generated by crossing strains harboring the acetylation status of histones within both the outer repeat and central core chromatin of fission yeast cendeletions of single h3/h4 gene pairs. All combinations were found to be viable at 25ЊC. However, cells retaining tromere 1 (cen1) (Figure 1 ). Chromatin immunoprecipitation was performed by using these antibodies on exonly the h3.1/h4.1 (.2/.3⌬) set were noticeably TBZ sensitive at 25ЊC ( Figure 2B ), whereas cells retaining only tracts from strains in which the ura4 ϩ marker resides at a euchromatic site (RInt-ura4 ϩ ), or at one of two distinct the h3.3/h4.3 (.1/.2⌬) pair grew poorly at the elevated temperature of 36ЊC ( Figure 2B ). these similar levels suggest that either h3.2 is the major crease in the rate of minichromosome loss ( To further test if depleting the number of histone H3/ lysine 9 was mutated to either alanine or arginine (K9A or K9R). Whereas replacement of lysine by alanine re-H4 genes affected centromere integrity, the rate of Ch16 minichromosome loss was determined in strains reflects the charge change associated with acetylation, arginine maintains the positive charge but is no longer taining one or two H3/H4 gene pairs [ Figure 4A and data not shown). All histone H3 mutants tested showed elevated rates of chromosome loss compared with strains bearing a single copy of wild-type histone H3 (Table 2 ). The h3.2 K9A and K9R mutations clearly allow expression (white) of otr1R:ade6 ϩ and also render these cells sensitive to TBZ ( Figure 4A ). Sensitivity to TBZ may result from defective centromere-spindle microtubule interaction. Consistent with this, the h3.2 K9A mutation was found to affect proper chromosome segregation; 44% of late-anaphase cells displayed lagging chromosomes on late-anaphase spindles ( Figure 4B, Table 2) . Notably, the K9A mutation exhibits a higher level of defective chromosome segregation than swi6⌬ (Table  2, [40] ). In addition, uneven segregation of chromosomes was also more frequent in the K9A and K9R mutants than in the control strains (Table 2 ). In all histone H3 mutant strains, the steady-state histone H3 levels (measured by Western blotting with a C-terminal antibody) were unaffected by the mutation (Figure 4C ), indicating that the effects that we noted on centromere function are most likely the result of the mutation within the histone H3 N tail.
Swi6 association with chromatin is dependent on the activity of the Clr4 histone methyltransferase. We therefore examined the localization of GFP-Swi6 in living cells required for the formation of silent chromatin over the chromosome segregation [49] , whereas, in S. cerevisiae, mutation of S10 or both S10 and S28 does not result in outer repeats of fission yeast centromeres, h3.2 K14 was mutated to alanine (K14A) or arginine (K14R) to defective chromosome transmission [50] . To assess the role of histone H3 S10 in fission yeast, we mutated h3.2 mimic the charge of acetylated or unacetylated states, respectively. Both mutations were found to be viable, S10 into alanine (A), a nonphosphorylatable residue. The h3.2 S10A fission yeast mutant was viable but showed and both caused alleviation of silencing of the centromeric otr1R:ade6 ϩ gene. These findings indicate that numerous mitotic defects. Chromosome segregation was highly defective, with 52% of late-anaphase cells K14 of histone H3 is required for formation of this heterochromatin ( Figure 4A ). In addition, mutants bearing the displaying lagging chromosomes (Table 2 ). In addition, the h3.2 S10 residue displayed an unexpected role in K14A or K14R mutations displayed the same spectrum of defects seen on mutation of histone H3 K9, such as centromeric silencing, since repression of centromeric ade6 ϩ was alleviated in the h3.2 S10A background (Figsensitivity to TBZ, the presence of lagging chromosomes, increased chromosome loss rates, and delocalure 4A). GFP-Swi6 was also delocalized in these cells ( Figure 5 ). Together, these results suggest that altering ization of GFP-Swi6 ( Figures 4A and 5, Table 2 ). S10 interferes with methylation of K9 and leads to loss of Swi6 binding and defective chromosome segregation.
Serine 10 of Histone H3 Is Required for Centromeric Function
It is possible that the chromosome segregation defects observed upon mutation of histone H3 S10 in TetrahyIn addition to modification of the histone H3 N terminus by methylation and acetylation, the N-terminal serine 10 mena are similarly caused by delocalization of HP1-like proteins [49, 51] . (S10) residue of histone H3 is known to be phosphorylated. S10 phosphorylation correlates with transcripTo assess possible synergistic effects, the double mutants h3.2 K9RK14R and K9RS10A were made and were tional stimulation in yeast, mammals, and Drosophila (reviewed in [43]). In S. cerevisiae, phosphorylation of found to display similar phenotypes with no apparent additive affects. This suggests that these mutations are H3 S10 has been shown to promote GCN5-mediated acetylation of H3 K14 to induce transcription at certain epistatic, or in the case of the K9RK14R mutant, a slight decrease in minichromosome loss may indicate partial promoters [44], whereas, in Drosophila, there is little evidence for alteration in acetylation of H3 K14 during suppression of centromere defects (Table 2) . S10 phosphorylation-mediated transcriptional activation [45] . Table 2 and adjacent to telomeres. Exposure of fission yeast to chromatin integrity (Figure 6 ). Occasional white colonies arose in the h4.2-K8A, K16G mutants, but these were TSA resulted in hyperacetylation of both the histone H3 and H4 in centromeric outer repeat chromatin, and we also occasionally seen in the wild-type and .1/.3 deletion backgrounds and reverted to red upon restreaking. have confirmed that this chromatin is normally hypoacetylated (Figure 1) . To test the role of conserved lysines However, h4.2-K8A and h4.2-K8A, K16G showed mild cold sensitivity at 18ЊC (Figure 6 ). within the histone H4 N-terminal tail in centromeric silencing, the histone H4 K8 and K16 residues were sepaThese data suggest that the charge and thus acetylation status of histone H4 on K8 and K16 does not influrately and together mutated to uncharged residues (glycine or alanine) to mimic the charge of the acetylated ence the formation of centromeric heterochromatin in fission yeast and that the H4 N-terminal acetylation that state by using a similar strategy as above for H3 ( Figure  3) . The h4.2⌬:ura4 ϩ deletion was replaced by a mutant is maintained at the centromere after treatment with TSA [9] may be an indirect consequence of transcriptional histone h4.2 DNA fragment, followed by crossing out of the wild-type h3.1/h4.1 and h3.3/h4.3 genes. activation rather than a direct effect on heterochromatin itself. The h4.2 K16G mutation was viable in the absence of any wild-type H4 and did not affect silencing of the Thus, the formation of Swi6-dependent heterochromatin at centromeres is mediated mainly by modificacentromeric otrIR:ade6 ϩ gene; red, repressed colonies formed on indicator plates (Figure 6) . Similarly, the h4.2-tions of the histone H3 tail, with important contributions from methylated K9, and is dependent on the presence K8A single and h4.2-K8A, K16G double mutants were also viable and largely did not affect centromeric heteroof S10 and K14. This is distinctly different from Sir3- An unexpected outcome of this study is that centro-
